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Receive an EM input signal 
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Sampling the EM input signal according to a periodic control signal 
having a plurality of pulses and a period of T, the pulses having apertures 
that are established to improve energy transfer to a frequency shifted output signal 
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Varying the sampling time from a nominal to introduce a relative phase shift 
in the output signal when compared to a nominal sampling time 
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Receive an EM input signal 



Generate a LO signal that is preferably a sub-harmonic of 
the input signal for down-conversion, or a sub-harmonic of the 
output signal for up-conversion 
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Level-shift the LO signal with a DC bias voltage, 
resulting in a biased LO signal 



Trigger a pulse generator when the biased LO signal exceeds a 
threshold value, resulting in a control signal having a plurality of pulses that 
are phase shifted according to the biased LO signal 



Sample the EM input signal according to the control signal, 
resulting in a frequency translated and phase-shifted output signal 



Vary the DC bias voltage to phase shift the pulses in the control signal, 
thereby changing a relative phase shift of the output signal 
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Receive an EM input signal 



Generate a LO signal that is preferably a sub-harmonic 
of the input signal for down-conversion to baseband, or offset from 
a sub-harmonic of the input signal for down-conversion to an IF frequency 



4l 



Level-shift the LO signal with a DC bias voltage, 
resulting in a biased LO signal 
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Trigger a pulse generator when the biased LO signal exceeds a 
threshold value, resulting in a control signal having a plurality of pulses 
that are phase shifted according to the biased LO signal, wherein the 
pulses of the control signal are a non-negligible fraction of a period 
of the EM input signal to be down-converted 
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Sample the EM input signal according to the periodic 
control signal to transfer non-negligible amounts of 
energy to the resulting undersamples 
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Store and integrate the successive undersamples, U~ 1 ' ^ 
resulting in a down-converted output signal 
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Vary the DC bias voltage to phase shift the pulses in the control signal, 
thereby changing a relative phase shift of the output signal 



Receive an EM input signal 
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Generate a LO signal that is preferably a sub-harmonic 
of the input signal for down-conversion to baseband, or offset from 
a sub-harmonic of the input signal for down-conversion to an IF frequency 



Level-shift the LO signal with a DC bias voltage, 
resulting in a biased LO signal 
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Trigger a pulse generator when the biased LO signal exceeds a 
threshold value, resulting in a control signal having a plurality of pulses 
that are phase shifted according to the biased LO signal, wherein the 
pulses of the control signal are a non-negligible fraction of a period 
of the EM input signal to be down-converted 
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Perform a matched filtering/correlating operation on 
an approximate half-cycle of the received EM input signal, 
according to the control signal 
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Accumulate the result of the matched filtering/correlating 
operation, resulting in a down-converted output signal 
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Vary the DC bias voltage to phase shift the pulses in the control signal, 
thereby changing a relative phase shift of the output signal 



Receive an EM input signal 



Generate a LO signal that is preferably a sub-harmonic 
of the desired up-converted output signal 



Level-shift the LO signal with a DC bias voltage, 
resulting in a biased LO signal 



Trigger a pulse generator when the biased LO signal exceeds a 
threshold value, resulting in a control signal having a plurality of pulses that 
are phase shifted according to the biased LO signal, where pulse widths of 
of the control signal are non-negligible fractions of the period of the desired 

up-converted output signal 



Sample the EM input according to the control 
signal, resulting in a harmonically rich signal 
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Bandpass filter the harmonically rich 
signal, to select a harmonic of interest for 
the output signal 
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Vary the DC bias voltage to phase shift the pulses in the control signal, 
thereby changing a relative phase shift of the output signal 
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Receive an EM input signal 



Generate a LO signal that is preferably a sub-harmonic of 
the input signal for down-conversion, or a sub-harmonic of the 
output signal for up-conversion 



Delay the LO signal according to a control signal, 
resulting in a delayed LO signal 
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Trigger a pulse generator when the delayed LO signal exceeds a 
threshold value, resulting in a control signal having a plurality of pulses that 
are phase shifted acc ording to the biased LO signal 
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Sample the EM input signal according to the control signal, 
resulting in a frequency translated and phase-shifted output signal 



Vary the delay of the LO signal to phase shift the pulses in the control signal, 
thereby changing a relative phase shift of the output signal 
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Receive an EM input signal 



Generate a LO signal that is preferably a sub-harmonic 
of the input signal for down-conversion to baseband, or offset from 
a sub-harmonic of the input signal for down-conversion to an IF frequency 



Delay the LO signal according to a delay control signal, 
resulting in a delayed LO signal 



Trigger a pulse generator when the delayed LO signal exceeds a 
threshold value, resulting in a control signal having a plurality of pulses 
that are phase shifted according to the delayed LO signal, wherein the 
pulses of the control signal are a non-negligible fraction of a period 
of the EM input signal to be down-converted 
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Sample the EM input signal according to the periodic 
control signal to transfer non-negligible amounts of 
energy to the resulting undersamples 
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Store and integrate the successive undersamples, 
resulting in a down-converted output signal 
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Vary the delay of the LO signal to phase shift the pulses in the control signal, 
thereby changing a relative phase shift of the output signal 



Receive an EM input signal 



Generate a LO signal that is preferably a sub-harmonic 
of the desired up-converted output signal 



Delay the LO signal with according to a delay control signal, 
resulting in a delayed LO signal 
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Trigger a pulse generator when the delayed LO signal exceeds a 
threshold value, resulting in a control signal having a plurality of pulses that 
are phase shifted according to the delayed LO signal, where pulse widths of 
of the control signal are non-negligible fractions of the period of the desired 

up-converted output signal 
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Sample the EM input according to the control 
signal, resulting in a harmonically rich signal 



Bandpass filter the harmonically rich 
signal, to select a harmonic of interest for 
the output signal 
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Vary the LO delay to phase shift the pulses in the control signal, 
thereby changing a relative phase shift of the output signal 
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When the user is close to 
the tower, then the main 
beam can be steered 
downward. 
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When the user is far from 
the tower, then the main 
beam can be steered 
upward. 
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Scanning for obstacles 
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B. * failing-edge pulse generator 
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